In this paper all graphs will be finite, undirected and without loops or multiple edges. A 1-factor of a graph is a spanning subgraph which is regular of degree one. Tutte [5] has characterized graphs which contain 1-factors. Beineke and Plummer [1] proved that every block with a 1-factor always contains at least one more, and a result due to Petersen [4] showed that every cubic graph with no bridges contains a 1-factor.
Our purpose in this paper is to show (Theorem 2) that for any connected graph of order 2n which does not contain a 1-factor and for each integer k, 1 <k<n, there is an induced, connected subgraph of order 2k which also fails to possess a 1-factor. Moreover, several other sufficient conditions for a graph to contain a 1-factor are given. In particular, we see that the connected, even order line graphs and total graphs must always contain a 1-factor. Our terminology will conform to that in Harary [3] . DEFINITION . If x is an endpoint of the graph G and x is adjacent to z, then we will say that z is the joint of x. If x and y are two endpoints of G which have the same joint, then we will call x and y coincident endpoints. We note that no graph with coincident endpoints can possess a 1-factor. LEMMA 1. If G is a connected, nontrivial graph with no coincident endpoints, then there exist adjacent points x, y E G such that G-{x, y} is connected.
PROOF. Since the lemma clearly holds for complete graphs, we assume that G has diameter d>2. Let a, y E G be points of G which are a distance d apart and let D=a a ... xy be a path of length djoining a andy. Suppose PROOF. We proceed by induction. The theorem is easily checked for n=2, 3. Suppose that it holds for some n-I (n_4). Let G be a connected graph of order 2n and suppose k is such that 1 <k_?n and every induced, connected subgraph of order 2k contains a 1-factor. Clearly we may assume that k< n-1 the case k=n being trivial. If G contained two coincident endpoints, then we could extend the graph consisting of these two points and their common joint to a connected, induced subgraph of order 2k which has no 1-factor. Hence G does not contain two coincident endpoints and thus by Lemma 1, there exist adjacent points x, y E G such that G-{x, y} is connected. Thus by our inductive assumption, G-{x, y} has a 1-factor which together with the edge xy constitutes a 1-factor for G. El Our next result is an extension of Theorem 2. By an end-block we mean one which contains exactly one cutpoint. ACKNOWLEDGMENT. Thanks are due to Frank R. Bernhart for pointing out to me an error in a previous version of this paper.
